Effects of acute stress exposure on learning and memory have been frequently studied in both animals and humans. However, only a few studies have focused specifically on working memory performance and the available data are equivocal. The present study examined working memory performance during the Sternberg item recognition task after exposure to a predominantly adrenergic stressor. Twenty four healthy subjects were randomly assigned to a stress group or a control group. The stress group was exposed to the cold pressor stress test (CPS; i.e. insertion of the dominant hand into ice water for 60s), while 37°C warm water was used with the control group. Twenty minutes after the stress exposure, working memory performance was tested with the Sternberg item recognition task with three levels of cognitive load. Sympathetic nervous system and hypothalamic pituitary adrenocortical (HPA) axis activation during CPS, were assessed by measuring heart rate and salivary cortisol before and during (heart rate) or 30 min after (cortisol) the stress procedure. Exposure to the CPS test was associated with a significant increase in heart rate but no increase in salivary cortisol. Participants exposed to the stress procedure showed significantly shorter reaction times during trials with higher cognitive load but tended to show higher false alarm rates than control subjects. The present results indicate that exposure to CPS can be associated with signs of both enhanced and impaired working memory performance. The observed behavioral pattern might represent a form of streamlined information processing advantageous in a threatening situation.
Introduction
Stress response can be characterized as behavioral and neuroendocrine activation associated with exposure to a threatening stimulus. Hormones and neurotransmitters released during stress are believed to be responsible for behavioral changes associated with stress exposure including effects on learning and memory (de Kloet, Joels, & Holsboer, 2005) . The effect of stress exposure on learning and memory is complex and is determined by factors such as length of stress exposure, nature of the stress stimulus, specific cognitive function examined, age and gender (Sandi & Pinelo-Nava, 2007) . Acute stress exposure can have positive effect on cognitive functions, particularly in paradigms when circulating cortisol does not reach very high concentrations (Andreano & Cahill, 2006; Jelici, Geraerts, Merckelbach, & Guerrieri, 2004; Steidl, Mohi-uddin, & Anderson, 2006) . Cold pressor stress is an experimental stress paradigm based on a short term painful stimulation by immersing the hand into icecold water. This paradigm has been frequently used in stress research and is known to be associated with substantial activation of the autonomic nervous system as well as mild to moderate activation of the hypothalamic pituitary adrenocortical (HPA) axis (McRae et al., 2006; Schwabe, Haddad, & Schachinger, 2008) . Our previous findings showed that while the cold pressor stress procedure used in our lab caused only mild HPA axis activation, it was associated with an enhancing effect on learning performance with indices to a possible involvement of working memory (Duncko, Cornwell, Cui, Merikangas, & Grillon, 2007) .
Working memory represents a cognitive function responsible for holding a limited amount of information active for short time period (Repovs & Baddeley, 2006) and is also important for optimal functioning of the executive system involved in gating and filtering out irrelevant information (Kane & Engle, 2002) , a function that seems to be particularly important under stressful conditions. Literature shows that working memory performance after acute stress exposure can be impaired (Elzinga & Roelofs, 2005; Kuhlmann, Piel, & Wolf, 2005; Oei, Everaerd, Elzinga, van Well, & 
